The rate at which organochlorine pesticides (OCs) are being used in Nigeria is becoming a matter of concern considering the heavy negative health effects associated with these chemicals. OCs are very persistent, bioaccumulative and toxic, and they can easily find their way into an adjacent water course such as the Lagos Lagoon via soil run-off and leaching. The levels of OCs were therefore assessed in water, sediment, invertebrates (crayfish shrimps and crabs) and twelve species of fish, including commercially important fish sold to local markets. Samples were collected and analyzed using Gas chromatography/ Mass selective Detector (GC/MSD). The most bioaccumulated OCs in the fish were beta-HCH ( 
INTRODUCTION:
In Nigeria, organochlorine pesticides like DDT, lindane, etc, are still very much in use for pest control and as insecticides. Commercial DDT mixtures such as zerdane, anofex, chlorophenoethane are imported into the country and marketed for this purpose. People that live at the shores of Lagos Lagoon are quite exposed to insects that are vectors of diseases, including malarial mosquitoes and the ectoparasites that transmit typhus. This has resulted in high use of these OCs for the control of these vectors. There are high tendencies of these OCs being circulated by air masses as well as washed into the lagoon during rainy season and via the drainage systems. OCs can be strongly bioaccumulated by aquatic organisms on getting into an aquatic environment. The higher the octanol-water partition coefficient (Kow) of these chemicals, the lower the water solubility, the more persistent, and the more the tendency to bioaccumulate, (Arnot and Gobas, 2003) . Fish can "excrete" many lipophilic xenobiotics by diffusion across the gills into ambient water. Loss by diffusion tends to be effective for compounds of Kow close to 1, but less so for compounds of very high Kow (1x10 5 and above). OCs, have MW < 450 and so can diffuse into membranes, but show little tendency to move out again, (Timbrell, 1999) . Uptake could occur in the aquatic organisms via diffusion, water, and food or sediment ingestion, resulting in bioconcentration, bioaccumulation, biotransformation, metabolism, and/or biomagnification. The most important route of uptake depends on the physicochemical properties of the chemical as well as the habitat, the diet and the physiological properties of the organism (Leeuwen and Vermeire, 2007) .
The Lagos lagoon, the study area, is one of Africa's largest urbanized estuarine ecosystems. The lagoon borders the forest belt and empties directly into the Atlantic Ocean at the harbor. Its estimated area is 150.56km 2 (Webb, 1958) . Lagos Lagoon finds its use in recreational purposes, transport, direct dumpsite for industrial, agricultural & municipal wastes, and even dumpsite for sewages at some of the locations. The lagoon is impacted by industrial, agricultural, municipal, shipping and other oil related activities. The same Lagos Lagoon is an important habitat for a wide array of fish and marine organisms and is the major source of seafoods to the people of Lagos. With the rate at which organochlorine pesticides are being used in Lagos, high concentrations of these chemicals are expected in the Lagos Lagoon.
Out of the twelve PBTs (persistent, bioaccumulative and toxic chemicals) identified by UNEP as the "dirty dozen", eight are OCs, (Walker, 2009) , (Colin et al., 2004) , (Wells, 1993) . It was therefore necessary to assess these PBTs in the biota as their bioaccumulation in aquatic biota could serve as a good indication of pollution problem in the marine environment. Fish and invertebrates collected for this study reflected those consumed by the local population. On exposure there is a tendency for these PBTs to bioaccumulate through food web and pose a risk of causing adverse health effects (Eljarrat and Barcelo, 2003) on humans. OCs have been linked to serious health effects such as reproductive failures, neonatal damage, birth defect, endocrine disruption, immune system dysfunction, and cancer, (Saxena et al., 1981) , which makes the exposure to these substances quite unsafe. Assessment of OCs in the biota is useful in establishing a good link to risks related to human exposure to these compounds in the lagoon. Thus the objective of this study is to provide baseline information on the level of OCs, their bioaccumulation and the risk they pose to humans that depend on fish and invertebrates from the Lagos lagoon for food.
MATERIALS AND METHODS:
Sampling: All samples were collected from six locations which were chosen based on their distinguishable locations and were positioned by a global positioning system (GPS). Water samples (IL volume) were collected from the surface using a precleaned (washed with warm water and liquid soap using a brush, after which it was properly rinsed with tap water and dried for 24 hours. The bottles were then rinsed with acetone and allowed to dry for about 30 seconds, and then rinsed with n-hexane) Winchester amber glass bottle by hand. Sediment samples were collected using a Van Veen Grab sampler operated from a boat at the depths between 0.5 and 10m. Fish and invertebrate samples were collected by trapping overnight; to be representative of frequently consumed food items. The samples were identified, frozen and taken to GLIER, University of Windsor, where they were individually weighed, measured, and stored in the cold room below 4 o C prior to preparation and analysis. Sample extraction and analysis: Sample extractions were carried out according to (Lazar et al. 1992) . Moisture and organic carbon contents of the sediments were also determined. Sample extracts obtained after florisil cleanup were combined and rotoevaporated to 1ml and analyzed for organochlorine pesticides (OCs) by gas chromatography. Analysis was run on a HewlettPackard (Avondale, PA) Model 5890/5970 Gas Chromatograph with a mass selective detector (quadrupole mass analyzer, 70eV) equipped with a Hewlett-Packard 7673A autosampler and a 30m x 0.25mm. I.D. X 0.10 µm DB-5 film thickness column. 1µl sample was injected using a splitless injection mode at 250ºC injection temperature and GC-MSD interface temperature of 280ºC. A mixture of three 13 C-labelled PCBs (13C -PCB 52, 13C -PCB 153 and 13C -PCB 37) was used as surrogate standard. The OCs were identified and quantified by comparison of retention times and spectra of internal standards. The methods reported above included the processing of blanks, duplicates, Standard Reference Materials (SRM) and standard mixtures between each group of samples. The detection limit ranged between 0.02 to 0.06ng/g. Contaminants that were not detected were replaced with the detection limit value.
RESULTS AND DISCUSSIONS:
PBT distribution across the sample types at different locations on Lagos Lagoon: Sum OCs in the lagoon water samples were low and ranged from 0.01 to 0.28ng/g (table 2) . Considering individual OC, p.p'DDT had the highest concentration of 0.16ng/mL in the water at Okobaba. This value was above the EQS concentration of 0.01ug/L. Sum OCs in sediment ranged from 8.65 to 23.17ng/g dry weight (table 2) . Chlordane and p,p'DDE concentrations of 13 and 2ug/Kg respectively, were reported in sediments of Lake Worth, Fort Worth, Texas. In this report Chlordane was not detected but p,p'DDE sediment concentration (ranging from 1.57 to 1.85ng/g d. w.) compared well with 2ug/Kg obtained in Lake Worth sediments. In the biota, p, p'DDE ranged from 0.44 to 16.04ng/g dry weight for fish and 2.06 to 22.21ng/g dry weight for invertebrates and therefore were below the ADRIS (Association of Directors and River Inspectors in Scotland) "no harmful effects" concentrations of 100ug/Kg for biota (MPMMG 1998) . Also 17.08ng/g dry weight g-HCH was found only in young crabs and it was below the g-HCH ADRIS "no harmful effects" concentration of 30ug/Kg. The total concentrations of HCHs in fish samples reported by (Anyakora et al., 2008) for Lagos lagoon ranged from 3.27-10.55 ppm wet weight, the highest concentration being detected in Tilapia while the lowest concentration was detected in catfish. In our result HCH concentrations ranged from 0.78 to 22.72ng/g d. w., the lowest being found in Barracuda (Sphyraena barracuda) while the highest was found in Tilapia (Tilapia guineensis) and 22.01ng/g was found in catfish. These two reports from the Lagos Lagoon tallied well though there were some variations possibly due to the different sample locations used in the two assessments. Sample locations were not specified by (Anyakora et al., 2008) and so comparison of results by locations was not possible. Our multifactorial analysis of variance for water and sediments at different locations on the Lagos Lagoon revealed that mean concentrations of the OCs were statistically significantly different in the two media (P value of 0.001), the key factor responsible for this being the prevailing environmental condition or the nature (e.g. Polarity, organic nature etc.) of the media analyzed (Mackay et. al, 1997) . The total OCs ranging from 2.72-20.57 ng/g wet weight has been reported in fish from Lagos lagoon (Anyakora et al., 2008) , Our result in this study reveals the sum OCs ranging from 3.38ng/g in the fish Barracuda (Sphyraena barracuda) to 69.40ng/g dry weight in Young blue crabs (Callinectus amnicola). The sum OCs of 55.22 ng/g in Crab eggs, 63.90ng/g in Agaza (Caranx hippos), and 69.40ng/g in Young blue crabs (Callinectus amnicola) obtained in this study were higher than the sum OCs of the source clams of 48ug/Kg from Potomac (Fort Foote). OC concentrations were higher than the Federal Environmental Protection Agency (FEPA) allowable limit of <0.01 ppm. Lipid normalization of biota and organic carbon normalization of the sediment samples from different sites caused the variation in concentration by sample type and by location to disappear in many cases (table 2) . Concentrations at various locations were altered in respect to the organic carbon contents at those locations as a result of the influence of organic carbon fraction on the partitioning capacity of the chemicals in the sediments of the lagoon. This is in agreement with the statement that, in addition to sorption to sediment, PBTs in aquatic environments bind to dissolved humic material, (Gobas and Arnot 2004) . Sum sediment OCs was highest at Aja (23.71ng/g d. w.) while the lowest concentration was at East of Palava Island (2.40ng/g d. w.). On organic carbon normalization, the value at Aja became the least (127.31ng/g organic carbon while the value at the Mouth of Ogun River (22.05ng/g d. w.) became the highest (2563.95ng/g organic carbon). Relating the sediment and biota concentrations at Aja before and after normalization, the sediment concentration (23.17ng/g d. w.) which was higher than the biota concentrations (3.38 and 14.82ng/g d. w. for barracuda and mackerel respectively) became the lowest (127.31ng/g organic carbon) compared to the values for barracuda and mackerel (482.71 and 1646.67ng/g lipid respectively) after normalization. Table 3 shows the different BSAFs of OCs for invertebrates. The BSAF for p,p'DDT in young blue crabs (CS) was 8.70. BSAFs for p,p'DDE ranged from 3.58 to 7.83 in matured crabs and young crabs respectively. BSAFs for p,p'DDD ranged from 2.83 to 25.15 in crab eggs and matured crabs respectively. The BSAFs were assessed only for the DDTs and they were all above 1. These results indicated that none of the invertebrates could metabolize and excrete any of these compounds. This revealed that these compounds bioaccumulated highly in the invertebrates. Table 4 shows the different BSAFs of OCs for fish. Only the BSAFs for b-HCH and the DDTs were assessed in eleven fish samples. BSAFs for p,p'DDE which was the most predominant OC in the samples ranged from 0.34 in mullets to 10.48 in tilapia. BSAFs for b-HCH was assessed only in samples (barracuda, bonga, and mackerel) and ranged from 1.76 in bonga to 97.81 in mackerel. BSAFs for p,p'DDE in agaza (F1), mullets (F2), African red snapper (F11), and grunter (F12) were all below 1 as shown in table 4. This indicated that these fishes were able to metabolize p,p'DDE. No fish was able to metabolize DDD, DDT and b-HCH as indicated by their BSAF values of above 1 in table 4. Fig. 1 shows that there were very poor correlations between BSAFs and Log Kow for the different biota samples as indicated by the R 2 value of 0.01 possibly due to the lack of sedentary behavior in the biota assessed. Fig.2 shows that young crabs had the highest percent distribution of 32%, Tilapia (F5) had 22%, Tilapia (F4) had 18% and Megalops 15%, while sediment had just 4%. The distribution of OCs to water was 0% which reflected high hydrophobicity. High bioaccumulations of the OCs were observed. Young crabs bioaccumulated the OCs most with sum OC concentration of 69.40ng/g d/ w. and 3183.49ng/g lipid weight. This indicated that young crabs may be a useful biological indicator for the OCs. Mean percent distribution of OCs in fish and invertebrates revealed the OCs present in high concentrations in both the fish and invertebrates are shown in Fig. 3 . This revealed the close similarities in the bioaccumulation patterns of OCs in fish and invertebrates, though the concentrations in the invertebrates were generally higher than what were obtained in the fishes. The bioaccumulation pattern showed b-HCH> p,p'DDE > p,p'DDD > p,p'DDT in both fish and invertebrates. 
Biota Sediment Accumulation Factors (BSAFs) of OCs for fish and invertebrates:

Percent distribution of OCs in invertebrates:
Beta-HCH (100% of total OCs) which was the dominant OC in all most of the invertebrates happened to be the only OC (100% of total OCs) found in the shrimps. None of the DDTs was found in either crayfish or shrimps; they were only bioaccumulated by the crabs, though they were taken sampled same site. (Fig.  4) . This is because b-HCH is more persistent than g-HCH and unacceptably high residues have been reported in food originating from countries where technical HCH is still being used (Environmental Health Criteria 123). Also g-HCH appears to be rapidly eliminated by vertebrates and residues in free-living vertebrates and invertebrates were found to be low when the compound was widely used in agriculture (Walker 2009 ).
Fig. 4: Percent distribution of OCs in invertebrates from Lago
For classification of the target contaminants' carcinogenicity, HCH and its isomers and DDT and its metabolites belong to the category of "possibly carcinogenic to humans", since 2,3,7,8-TCDD (from the dioxins group) is classified as "carcinogenic to humans" (IARC, 2006 (Fig. 5) , the excess cancer risks for these contaminants are two to three times more than what was obtained by (Carmen et al., 2002) . The young crabs were the most affected because they accumulated b-HCH as well as the DDTs in appreciable concentrations.
Fig. 5: OC concentrations in invertebrates from Lagos lagoon
Percent distribution of OCs in fish:
In Lagos lagoon, b-HCH was also found in all fish samples ranging from 3.16 to 22.72ng/g d. w., giving the mean % concentration of 37.42 of the total OCs in fish samples. G-HCH was completely absent in all the fish samples (Fig. 3) because it is more polar and more water soluble than most other OCs and is metabolized relatively rapidly to water-soluble products such as chlorophenols. The DDTs in fish ranged from 1.29 to 13.33ng/g d. w. (Fig. 7) , with DDE, DDD, and DDT being 28.42, 24.60, and 3.93% respectively. P, p'DDT has very low solubility in water and is highly lipophylic (log Kow = 6.36, thus there is a high potential for bioconcentration and bioaccumulation (Walker 2009 ). The most widespread residue of DDT found in the environment have been p,p'DDE, p,p'DDT, and p,p'DDD. Very long half-lives have been reported for p,p'DDE in terrestrial animals, approaching 1 year in some species, and greatly exceeding the comparative values for the other compounds (Cooke ad Stringer 1982) . From the results in Figs. 3 to 7 , p,p'DDE was the most bioaccumulated of the DDT group by all the fish and invertebrates. This agreed with the report that p,p'DDE was found to be more stable and persistent (refractory) than either p,p'DDT or p,p'DDD and underwent strong biomagnifications with transfer along food chain (Walker 2009 ). Though p,p'DDE was found to bioaccumulate more than other DDT groups, Fig. 3 , the report by (Walker 2009 ) that p,p'DDE is less toxic than p,p'DDT, where dehydrochlorination of p,p'DDT represents a detoxication mechanism, rules out high risk at this level of bioaccumulation. DDT has caused population declines of predatory predatory birds in North America due to egg-shell thinning, brought about by its highly persistent metabolite p,p'DDE (Walker 2009 ). For mammals LD 50 (acute oral) value for p,p'DDT ranging between 100 and 2500mg/Kg have been reported by (Edson et al., 1966) . In addition to the HCHs and the DDTs, the legacy pesticide, the chlordanes were found in only one sample (agaza) out of the 12 fish samples studied. ΣChlordane (cischlordane, trans-chlordane and trans-nonachlor), concentrations in agaza (33.99ng/g d. w. exceeded the screening value of 30 ng g-1. This value accounted for 53.20% of the total OCs in this fish, agaza which happened to remain the most contaminated even by the OCs. The aim of this study was to provide baseline information on the level of OCs, their bioaccumulation and the risk they pose to humans that depend on fish and invertebrates from the Lagos lagoon for food. Beta-HCH and p,p'DDE were identified as the dominant OC in the Lagos lagoon. Legacy OCs were found in the biota and the excess cancer risks to humans were estimated and found to be above zero in many cases, which indicated a high risk of developing cancer. HCH and its isomers and DDT and its metabolites which belong to the contaminant category that are "possibly carcinogenic to humans" were bioaccumulated to appreciably high concentrations. It was discovered that among the invertebrates in the Lagos lagoon, young and matured crabs posed the highest risk of cancer to humans. Among the fishes, ΣChlordane (cischlordane, trans-chlordane and trans-nonachlor), concentrations in agaza exceeded the screening value, thus indicating a high risk in the consumption of this fish by humans. Consumption of Crab eggs, Matured crabs, Young blue crabs (Callinectus amnicola) and Agaza (Caranx hippos), and some other seafoods from the Lagos lagoon could pose a high risk of OC health effects on humans as these biota bioaccumulated the contaminants above allowable limits.
